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Abstract

Four colliding beam experimentre plannedfor the ) )
Large Hadron Collider (LHC) requiring experimental Where e isthe charge ofthe electron, the net ion
vacuum chambers in the interaction region. Team desorption yield (molecules pésn), 0 the ionisation
pipe should be as transparent as possiblescaitered Cross section of the residual gas moleculgs for high energy
particlesand detectorsshould be as close as possible t@rotonsand Sy represents dinear, effective pumping
the interaction point, resulting in smallameter beam speed.The requiredstatic pressure to achieveegligible
pipes. This, together with thleunchedbeam structure, backgroundrom beam-gas scattering can be obtained in
makes ion induced pressure bump instability, well-knowmost caseswithout difficulty. To guarantee vacuum
from the Intersecting Storage Rings (ISR) at CERN, stability, however, a clean vacuum chamber with a ipw
potential problem Adequateconductancegleanliness of for all residualgas componentand asufficiently large
the beam pipes and efficient pumping are requirealtid  effective pumping speed must be provided. Trasation
this instability. Suppression oélectron multipacting cross sections for relativistic protons T&V) can be
requires appropriate surfaceoatings and cleaning calculated [1jand are of the order of 0.4 to 2.8%2@n for
proceduresSmall beam pipeliametersmust provide the H, and CQ respectively. The effective, linegumping
required beam stayclear and still allow margin for speed depends on the desigrihef vacuum systerand in
alignment and stability inside detectors. Design criteria tmost practical situations, is limited by tkenductance of
ensureboth localand global stability under static and the beam pipandthe location of pumps. Theacuum
dynamic mechanical loads are defined. stability for the arcs of LHGndfor the experiments has

been studied extensively [2, 3].
1 INTRODUCTION 2.1 lon induced molecular desorption yields

All four experiments, ATLAS, CMS, LHCb and

ALICE have different requirementsnot only for static
vacuum but also for beam pipe diametangl materials as
well as space dedicated to vacuum equipment.
Nevertheless, since all experiments share the same be o ; .
a common, safe set deesign criteriamust beestablished | cuum condmo_nmg wh|ch ha(_j been applied successfully
which includes dynamic vacuum stability for the ultimate” the ISR machine |_nc|udea_-3|tu bakeout at S0 fo_r
beam intensity (0.85Aandthe mechanical design of the 24 hours and_ argon ion glodrscharge (ArGDC_:) clgamng
beam pipe. In this way, both tierrectoperation of the followed again byin-situ bakeout. The neyield in a

machineand the mechanical integrity of the beam pipemachme,wheremns_, are _producedrom Fhe residual gas
can be ensured. andthe corresponding yieldsneasured inthe laboratory

using an external ion source are related by

2 |ON INDUCED PRESSURE Nmachine = Man —1. Typical molecular desorptiogields

INSTABILITY which may beusedfor the vacuum desigare given in

: . . Table 1. Thesaatahave beenderived from laboratory
lon induced pressure runaway was a serious limitation gfeasurementsut experience irthe ISR has shown that

the proton beam intensity stored in the ISR. This pressuigeasurements on small samples may give resittsh
instability may occur whenpositive ions, created by arenot representative for a real machine. Values for
ionisation of theresidualgas and repelled bythe space | hich are considered to benore realistic and their
charge ofthg beam,bombardthe vacuum chamber wall dependence oion energyare shown in Figure 1. For
anddesorbtightly bound molecules. Sincelesorbed gas energies aboved keV the yield saturatesand these

may in turn be ionised, thiseedbackmechanism can g,y rated values have been chosen to calculate the vacuum
resultin a pressure runaway. The pressureasesvith — giapijity for the experiments. Tealculatethe critical

beam current from the initial valug,, as current for a practical system, a ‘safety factor’ of at least 2

. " . e
current isbelow a critical value given by, = ——Sx
no

Molecular desorption yields obtained in laboratory
measurements and derived from observations with beam in
the ISR can be found in [4]. Incidenion energy and
a{=.}114§facecleanIinessareimportant for the desorption rate.

a

P - Kk andwill double athalf the value of Must be applied to account for the inherent uncertainty of
1—’y the desorption datahe fact that in a gas mixture one
(m)crit species maylesorbothersandfinally to account for the
(M) gi.- The pressure remains stable as long adéaen  doubling of the pressure whicwill occur athalf the
critical current.
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Table 1. Molecular desorption yield(,) for 1.4 keV K  secondary electron yield for which a safe value
ions for unbaked, 24 hours at 30in-situ baked and for (dmax <1.4) will be provided by asuitable surface
argon ion glowdischarge cleaned ardjainin-situ baked coating and by bakeout of the beam pipe [8].

stainless steel (ArGDC) with 2 keV, ons [5,6]. L B B B
Molecular desorption yield E ! 2 g

Niap (in molecules ion) D S e =

Gas unbaked | 30C baked ArGDC, S 5E s
in-situ and baked & 4 ]

H2 9 4 0.5 RN R T U e E
CHa 0.5 0.2 <0.1 E 5N E
= E N T |

co 7 3 1 § 1 S~ T
CO2 2 0.5 <0.01 0 B —— ‘ E

1 15 2 25 3
Distance from IP (m)

o
o
o

2.2 lon impact energy

lons createdfrom the residualgas are accelerated away
from the beamdue tothe kicks of successive bunches. Figure 2. lon impact energy near a high luminosity IP
Light ions experience more strongly the peak eledigld

and thus gain moreene:\rgy.than heavier ions. In .the 4 MECHANICAL APERTURE
regular arc of LHC, the ion impact energy for CQligse
to 300 eV. The beam pipe must stajearfrom the beam halo to
LA e g avoid particleloss and background. Insideéhe massive
= B ° detectors, beam pipes must be supported at a height of up
g 12~ H |7 © to11.5m from thegroundwhile the newlyconstructed
33 - 2 i g cavernsmay be subject to settling movements. The
2L 10 1) = adoptedscheme is to align beam pipes tahaoretical
% 8 B co 1= g' axis before final closing of the experimeragd toadjust
E 208l -3 3 < the position of the detectok®tween running periods. No
% 2 - ° ’45 % active monitoring or alignment of the beam pipe is
St o6L |78 =~ foreseerdue to difficulties in accessingeferencepoints
§0 C 13 § ?_, from outside theclosedexperiment. Four elements are
"3.8 0.4k Coz y S 3 required to definethe mechanical beam pipaperture:
Sg L 12 £  beam size (9.8 beamat injection includingclosedorbit
8 0.2k g ‘é\’. variations); beam pipe manufacturing tolerances; precision
' . CH, 7.1 S with which fiducial survey marksan bereferred to the
N A AR i 0 theoretical beam axis and the precision to widetectors

can be kept aligned to this axis. These four elements differ
0 500 1000 1500 2000 2500 3000 between the experiments, but impose a minimum vacuum
lon Energy (eV) chamber diameter between 40 and 60 mm.

Figure 1. Dependence of the desorption yield on ion 5 MECHANICAL STABILITY
energy for unbaked and baked stainless steel after ArGDC. ] ]
Experimental beam pipes operate under 1 baxtdrnal

The ion impact energy as a function of the distance fro‘&essure. They support a smalistributed loaddue to
a high luminosity intersection (ATLAS, CM3nd0.85  thejr weightandbakeout equipment. The failuneode is
A is shown in Figure 2. Theeffect of an external therefore by elastic instability, leading to collapse
magnetic field has not been taken into account. (buckling) rather than yielding. The basic model assumes

a long cylindrical thin-walled shell with perfect initial
3 ELECTRON MULTIPACTING geometry. For a buckling mode of 2, the critipatssure

The build-up of a cloud of secondary electrons due to thEer at which the tube collapsetepends orthe radius r,
interaction with thebunchedproton beam is a potential wall thickness t, elastic modulus E, and Poisson's tatio
problem in the LHC since thdombardment of the [9].
vacuum chambemwall by energetic electrongseveral 1 E ¢
hundredeV) could producegas desorptiorand excessive & ~ 4 1-v? Pk
pressure rise [7]. A critical parameter fbis effect is the
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The adopteddesign criterionrequires Pyy > 4 bar for 7 CONCLUSIONS

simple machinedshapesand Fey 2 6 for complex and  1he critical current producand the maximum  single
fabricated structuregberyllium pipes). Thesecond design beam current at which the most critical gas (G@hains
criterion requiressupports to beplaced such that the stable,aresummarised in Table Based onthe present
resulting bending deflectionsre smaller than the wall |ay0ut of experiments_ Thassumedpumping system
thickness. These safety margins are necessary Biac8  uyses a combination oflistributed getterpumps and
sensitive to form imperfections (particularly in welded andumped ion pumps so that inert gasémethane) are
fabricatedchambersind toovalisation by axialbending efficiently pumped.

moments. In criticalareas ofthe experimentsand for

complex geometries, such simple criteria will pobvide Table 2. Criticalcurrent product for CQand maximum
a well optimised structurekere afull non-linear finite stable beam currents for LHC experiments

element analysis of the beam pipe including supportg—s

required. Theanalysis mustnclude estimations of initial M (CO) | hnax (A) lnax (A) baked
imperfections, based onthe proposed manufacturin unbaked & ArGDC
techniquesand the influence of longitudinalbending ATLAS |4.3 0.18 1.1
moments on Py (Brazier effect). After this analysis, CMS 4.1 0.17 1.0

design values oR can be safelyeduced to dar [10]. LHCD 2.9 0.12 0.73
Vacuum chamber elements hditde lateral stiffness and ALICE [5.2 0.22 1.3

are thus prone to column .bucklingnder compression. Inspection of }., in columns 3and 4 shows that
Compressive forces may arise from the chamber geomeityspc and in-situ bakeoutare necessary toneet the

and reaction forces obellows. A safety factor of 4 is gpecified beam curreftitimate current0.85 A) with a

applied to the buckling pressure to allow for uncertaintigq iredsafety factor of 2.In-situ bakeout alscprovides

in supports. This criterion determinesthe number of a0 conditions against the electron avalanche effect.

lateral supports required. A global safetyfactor of 4 isrequiredfor mechanical

stability against buckling but requites that lateral supports

6 DYNAMICAL LOADING will be placed such that dynamical loading can be

Dynamic mechanical loads occur when an elastigontrolled. This factor can be reduced to 3 whetetailed

structure vibratesunder a periodicimpulse. As the analysis of the whole environment is carried out.

impulse frequency approachesthe natural vibration,

oscillations withlarge amplitude may bieduced leading 8 REFERENCES

to fatigueandpremature failure. The experimenta¢am

pipes will consist of individual, 5 to 7m long thimalled [1]

cylinders, between 40 t800mm diameter and linked 2]

together by bellows expansion jointEach element is

supported individually from the surrounding detector either

directly, or by tensioned wires. The fundamerfitaduency

fn of such a simply supported tube under its own Weigirg]

w perunit length [11] is approx.fy =3 E where [6]

m\ wi
Eis the elastic modulus| the secondnoment ofarea, [7]
g the acceleration by gravity and the distance between

supports. Potentiaources ofimpulses are mechanical
vacuum pumps and detectors via the supports.
Measurements from pumping statiorlsave shown
impulse frequencies of 50 Hz aitd harmonics. Thus, to
avoid resonancebeam pipes will bedesigned for
fundamental frequencies abo¥60 Hz. Theseestimates,
confirmed byfinite element analysishave demonstrated
the need of additionaupports to those initiallyoreseen
[12].
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